Metabolic acidosis is a consequence of large volume saline administration 1 , most commonly seen [2] [3] [4] [5] [6] [7] . Other causes include acute normovolaemic haemodilution 8, 9 and cardiopulmonary bypass 10-12 . There is evidence that this can be harmful. Saline infusions have been linked to mental changes, abdominal discomfort, oliguria 13 , an increased gastric carbon dioxide gap 14 and postoperative bleeding 15 . both in vitro 16 and in vivo 17 . Experimental hyper- 18 and causes inducible nitric oxide synthase (iNOS) activation, acute lung injury and intestinal dysfunction [19] [20] [21] . In animal models of prevent metabolic acidosis enhance survival [22] [23] [24] .
The mechanism of so-called 'dilutional acidosis' is one of simple physical chemistry 9, 25, 26 , the principles of [27] [28] [29] paradigm, metabolic acid-base status is a function of extracellular strong ion difference (SID) and the TOT ). SID is the net charge in mEq/l of all fully dissociated TOT in plasma consists primarily of albumin and phosphate. TOT and/or a decrease in SID can cause a metabolic acidosis. The converse applies in metabolic alkalosis.
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unbalanced normovolaemic haemodilution University of Queensland Intensive Care Laboratories, Royal Brisbane Hospital, Brisbane, Queensland, Australia Fluids balanced to avoid acid-base disturbances may be preferable to saline, which causes metabolic acidosis in high volume. We evaluated acid-base and bio-energetic effects of haemodilution with a crystalloid balanced on physical chemical principles, versus crystalloids causing metabolic acidosis or metabolic alkalosis.
Anaesthetised, mechanically ventilated Sprague-Dawley rats (n=32, allocated to four groups) underwent six exchanges of 9 ml crystalloid for 3 ml blood. Exchange was with one of three crystalloids with strong ion difference (SID) values of 0, 24 (balanced) and 40 mEq/l. Controls did not undergo haemodilution.
Mean haemoglobin concentration fell to approximately 50 g/l after haemodilution. With SID 24 mEq/l fluid, metabolic acid-base remained unchanged. Dilution with SID 0 mEq/l and 40 mEq/l fluids caused a progressive metabolic acidosis and alkalosis respectively. Standard base excess (SBE) and haemoglobin concentration were directly correlated in the SID 0 mEq/l group (R 2 =0.61), indirectly correlated in the SBE 40 mEq/l group (R 2 =0.48) and showed no correlation in the SID 24 mEq/l group (R 2 =0.003). There were no significant differences between final ileal values of CO 2 gap, nucleotides concentration, energy charge, or luminal lactate concentration. SID 40 mEq/l crystalloid dilution caused a significant rise in subcutaneous lactate. In this group mean kidney ATP concentration was significantly less than controls and renal energy charge significantly lower than SID 0 mEq/l and control groups.
We conclude that a crystalloid SID of 24 mEq/l provides balanced haemodilution. Bio-energetic perturbations with higher SID haemodilution may be more severe and need further investigation.
Saline infusion causes a metabolic acidosis because its SID is zero (equal concentrations of the strong cation Na + and the strong anion Cl -). Consequently, extracellular SID falls on rapid administration, TOT dilution. To balance saline, some Cl -3 -, or bolic 'disappearance', such as lactate, gluconate, acetate or citrate 26 . Enough chloride must be replaced to balance the fall in extracellular SID against the TOT dilution effect.
in vitro and in vivo haemodilution data 9,25 that 24 mEq/l of Clmust be replaced to create a balanced crystalloid (an effective SID of 24 mEq/l). compared the acid-base effects of haemodilution bio-energetic data during this process.
land. The principles of laboratory animal care met the standards of the National Health and Medical 0, 24 and 40 mEq/l ( measured using a previously described method 31 .
Microdialysis specimens
of a stock solution of 0.3 mM/l. From the curve, the dilution factor being 1 in 10. (Table 3) .
Calculations
in the SID 0 mEq/l group, no metabolic acid-base disturbance in SID 24 mEq/l and control groups and a metabolic alkalosis in the SID 40 mEq/l group in the SID 0 mEq/l group (R 2 =0.61), indirectly group (R 2 haemoglobin in the SID 24 mEq/l group (R 2 =0.003) 0 mEq/l group (mean SBE -7.8 mEq/l, mean pH 7.33, in the SID 40 mEq/l group (mean SBE 6.7 mEq/l, mean pH 7.51, Table 3 ).
increase in the SID 40 mEq/l group. Final ileal CO 2 groups and to a similar extent in controls (Table 3) .
No mean gut nucleotide concentration or energy to the other group means (Table 4 ). prominent deterioration in renal energy charge (Table 4) , and a marked increase in skin lactate There are a number of possible explanations for the more severe bio-energetic perturbations in the SID 40 mEq/l group. Increased lactate concentration is an anaplerotic effect of alkalaemia 33,34 , operating as a 35, 36 stress may have been greater in this alkalaemic mational changes in Cytochrome C 38 and reduced oxygen availability from vasoconstriction and in- 39 . The protocol splanchnic oxygenation 37 . Superimposed metabolic alkalosis may have stressed this precarious biomanifestations rather than gastrointestinal.
By contrast, acidaemia, as produced by the SID stress 40-43 promotion 16, 17 . This may have contributed to the less severe bio-energetic perturbations of the SID 0 mEq/l group.
trations and overall energy charge in kidney and 44, 45 . In other studies, reduced renal oxygen delivery of varying severity and aetiology produced similar energy charge reductions, to values ranging from 0.34 to 0.6 44, 45 . The fact that only the SID 40 mEq/l group renal energy needed.
In contrast, gut nucleotides and energy charge in compromise, despite extreme haemodilution (Table  4 ). Data from experimental shock induced by sepsis, haemorrhage and pulmonary embolism also point to a greater bio-energetic robustness in gut compared to kidney 45 ileal CO 2 gap elevations not exceeding those of controls (Table 3 ). The unchanged ileal luminal lactate (Table 3 ) and preservation of ileal nucleotides and energy charge (Table 4 ) favoured CO 2 accumulatitration from tissue metabolic acidosis 46-49 .
balanced for large volume infusion requires an effective SID of 24 mEq/l, as inferred from previous experimentation 9,25 . Hartmann's solution is the com-26 .
SID values even higher than 40 mEq/l 26 to cause metabolic alkalosis in large volumes, although 11 and for intravascular volume expansion 2 .
Currently there is little information on the effects 2,11 they give no information on organ function or survival.
haemodilution, mortality in critical illness escalates as the pH rises above 7.55 12 causation versus association is unclear.
of 24 mEq/l preserves normal metabolic acid-base 40 mEq/l cause a progressive metabolic acidosis and volume expansion, normovolaemic haemodilution and cardiopulmonary bypass. 
